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(54) Exhaust emission control system and method of Internal combustion engine 



(57) 7b enhance accuracy for detecting the concen- 
tration of oxygen within exhaust gas detected by an oxy- 
gen sensor in a system for supplying unturned 
hydrocarbon to a NO x catalyst by means of post-Injec- 
tion, an NO x catalyst 19 and an oxygen sensor 20 are In 
an exhaust pipe 18 of adiesel engine 10. An output sig- 
nal of the oxygen sensor 20 is corrected based on a 
post-injection command for supplying hydrocarbon to 
the NO* catalyst 19. It allows the concentration of oxy- 
gen which corresponds to the case when no post-injec- 
tion is executed to be estimated in anticipation that post- 
injected unburn ed hydrocarbon bums at the oxygen 
sensor 20 and the detected concentration of oxygen 
drops. Thus, it allows the adverse effect exerted by the 
post-injection to the detection of the concentration of 
oxygen to be eliminated. It then becomes possible to 
purify and control the emission and to irrprove the rate 
of purification of NO* while eliminating the adverse 
effect caused by the post-injection by correcting any 
one of the EGR gas flow rate, fuel injection amount 
intake air amount or the like based on the detected 
value of the corrected concentration of oxygen. 
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Description 

CROSS-REFERENCE TO RELATED APPLICATION 

5 This application is related to Japanese Patent Application Nos. Hei 8-31 1 686. 8-62581 and 8-276768, incorporated 
herein by reference. 

BACKGROUND OF THE INVENTION 

w 1 . Field of the Invention 

The present invention relates to an exhaust emission control system and method of an Internal combustion engine 
for reducing and purifying nitrogen oxides (NO*) within exhaust gas emitted from the internal combustion engine by 
means of a catalyst 

1$ 

2. Description of Related Art 

There have been proposed technologies for reducing and purifying NO* by provfeflng a NO, catalyst within an 
exhaust pipe and by supplying hydrocarbon (fueQ to the NO* catalyst as a reducer in order to purify NO* within the 

20 exhaust gas emitted from an internal combustion engine such as a diesel engine in which fuel is burned under exces- 
sive oxygen. As one example thereof, a technology described in Japanese Unexamined Patent Publication Na Hei 5- 
156883 is arranged such that a main injection command for generating engine output is given to a fuel injection valve 
of ach cylinder of the internal combustion engine to cause main injection and a post-injection command is given in the 
expansion stroke after the main injection to inject fuel which is 0.3 to 3 % of the amount of fuel in the main injection from 

25 the fuel injection valve to supply unbumed fuel (hydrocarbon) to the NO* catalyst as the reducer during the post-injec- 
tion. 

Aiming at improving the rate of purification of NO x further, the inventors have studied a technology for adequately 
controlling the concentration of hydrocarbon and the concentration of NOx near the NOx catalyst by detecting the con- 
centration of oxygen within the exhaust gas by an oxygen sensor and by correcting the control variables of the internal 

so combustion engine (ag., either an EQR gas flow rate, a fuel injection amount an intake air amount or the Ike). 

However, because the oxygen sensor is also heated up to high temperature by a healer built in during the opera- 
tion, the post-injected unbumed hydrocarbon is burned at the oxygen sensor and thereby the concentration of oxygen 
is detected to be low and the accuracy for controlling the internal combustion engine drops. 

Because many of the diesel engines have an EQR (exhaust gas recirculating system) to purify NO x in general, the 

3$ inventors have considered combining and using the EGR and the above-mentioned NO* catalyst together, aiming at fur- 
ther improving the rate of purification of NO*. In this case, for example, as disclosed in Japanese Unexamined Patent 
Publication Na Sho 63-223358 (reganding gasoline engine technology), it is conceivable to detect the concentration of 
oxygen within exhaust gas using the oxygen sensor and to control the EGR flow rate so that the detected concentration 
of oxygen coincides with the target concentration of oxygen. 

40 However, because the detected value of the oxygen sensor is lower than the actual concentration of oxygen of the 
EGR gas and that the post-injected unbumed hydrocarbon is burned at the oxygen sensor and the concentration of oxy- 
gen drops as described above, me EGR gas flow rate is corrected decrementaily to increase an amount of oxygen 
(intake air amount) to be supplied to the internal combustion engine when the post-injection is executed, thus aggravat- 
ing the accuracy of control of the EGR and increasing the amount of NO x emitted from the internal combustion engine. 

4B Still more, because part of the exhaust gas containing hydrocarbon supplied in the post-injection is returned to the 
induction system by the EGR, the hydrocarbon to be supplied to the NOx catalyst decreases and the rate of purification 
of NO* exerted by the NO* catalyst drops. 

Beside this, while the inventors have considered a method of adequately controlling the concentration of hydrocar- 
bon and the concentration of NOx near the NO x catalyst by correcting the amount of injected fuel, an intake air amount 

60 or the like, for example, based on the concentration of oxygen within exhaust gas detected by the oxygen sensor also ' 
in an exhaust gas purification system for purifying NO* just by the NO* catalyst, not combining with the EGR, tie rate 
of purification of NO* cannot be improved as expected unless the problem that the detection accuracy of the oxygen 
sensor supplied by the post-injection drops is also solved In this case. 

This problem may be generalized such that when the post-injection i6 executed to enhance the rate of purification 

ss of the catalyst for reducing and purifying nitrogen oxides within the exhaust gas in the exhaust gas control system hav- 
ing a controller for controlling the system including the internal combustion engine to enhance the rate of purification of 
the catalyst by an output value of a sensor for detecting the concentration of specif ic component within the exhaust gas. 
the output value of the sensor changes and the rate of purification of the catalyst drops as a result 
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SUMMARY OF THE INVENTION 

The present invention has been Revised in view of the above problems of the prior art and a fust object thereof !b 
to obtain an exhaust emission control system and method of an internal combustion engine which allows the rate of 
purification of the catalyst to be prevented from dropping even if the post-injection is executed. 

A second object is to obtain an exhaust emission control system and method of an internal combustion system 
which allows the concentration of oxygen within exhaust gas to be accurately detected by an oxygen sensor and the 
rate of purification of NO x to be improved even if the post-injection is executed. 

A third object is to obtain an exhaust emission control system of an internal combustion engine which allows the 
rate of purification of the catalyst to be prevented from dropping by detecting the concentration of a specific component 
within the exhaust gas in a state when no post-injection is substantially executed by estimation of the position where 
the sensor for detect the concentration is attached. 

A fourth object Is to obtain an exhaust emission control system of an interna] combustion engine which allows the 
rate of purification of the catalyst to be prevented from dropping by estimation of the position where the EQR is 
mounted. 

A fifth object is to obtain an exhaust emission control system and method of an internal combustion engine which 
allows the rate of purification of the catalyst to be suppressed from dropping by detecting the concentration of oxygen 
in the state in which no post-injection is executed by estimating the concentration of hydrocarbon within the exhaust gas 
supplied by the post-Injection. 

Generally, the fuel injection valve is designed to operate accurately within a control range of the main injection fuel 
amount and is not good intrinsically at controlling such a small amount of fuel of 0.3 to 3 % of the main injection fuel 
amount such as that injected during post-injection. Accordingly, the post-injection in which such a small amount of fuel 
of 0.3 to 3 % of the fuel amount of main injection is apt to fluctuate by being influenced by the variation, the elapsed 
change and the fluctuation of injection pressure of the fuel injection valve, so that the actual post-injection amount devi- 
ates from a commanded value and fluctuates and the optimum amount of hydrocarbon cannot be supp&ed to the cata- 
lyst. As a result when the excessive amount of hydrocarbon is supplied to the catalyst, the catalyst cannot consume all 
the unburned hydrocarbon and the hydrocarbon is emitted to the air. On the other hand, when the supply of the hydro- 
carbon is not sufficient, the rate of purification of NO x of the catalyst drops, thus increasing the emission of NO* 

The present invention has been devised in view of such circumstances and an object thereof Is to provide an 
exhaust emission control system of an internal combustion engine which allows the rate of purification of NO K to be 
improved and the emission of the unburned hydrocarbon to be prevented by adequately correcting the post-injection 
amount such that it is not influenced by the variation, the elapsed change and the fluctuation of Injection pressure of the 
fuel injection valve even when they exist. 

Other objects and features of the present invention will appear in the course of the description thereof, which fol- 
lows. 

BRIEF DESCRIPTION OF "THE DRAWINGS 

Additional objects and advantages of the present invention will be more readily apparent from the following detailed 
description of preferred embodiments thereof when taken together with the accompanying drawings in which: 

FIG. 1 1s a structural drawing of the entire engine control system according to a f irst preferred embodiment of the 
present invention; 

FIG. 2 is a flowchart showing a flow of processing in the engine control system in the first embodiment; 

FIGS. 3A - 3D are graphs showing fuel injection waveforms of a fuel Injection valve of each cylinder in the first 

embodiment; 

FIG. 4 is a graph showing a waveform of an output signal of an oxygen sensor in the first embodiment; 
FIGL 5 is a flowchart showing a flow of processing of an engine control program used in a second preferred embod- 
iment of the present invention; } 
FIGS. 6A - 6D are graphs showing fuel injection waveforms of a fuel injection valve of each cylinder in the second 
embodiment; 

FTGL 7 is a graph showing a waveform of an output signal of an oxygen sensor in the second embodiment; 

FIG. 8 is a structural drawing of the whole engine control system according to a third preferred embodiment of the 

present invention; 

FIGS. 9A - 9D are graphs showing fuel injection waveforms of a fuel injection valve of each cylinder in the third 
embodiment 

FIG. 1 0 is a bar graph showing a rate of recirculation of hydrocarbon to the intake side In each cylinder in the third 
embodiment; 
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f tl^^ale engine control system showing a fourth prj^^i i 



FIG. 11 is a structural drawing of tnj P?le engine control system showing a fourth pn3| m embodiment of the 
present invention; 

FIG. 1 2 is a structural drawing of the whole engine control system according to a fifth preferred embodiment of the 
present invention; 

s FIG. 13 is a structural drawing of the whole engine control system according to a sixth preferred enfcodiment of the 
present Invention; 

FIGS. 1 4A and 1 4B are a flowchart showing the flow of processing of injection control In the sixth embodiment; 
FIGS. 15A - 15E are graphs showing fuel injection waveforms of a fuel injection vaJva of each cylinder and output 
waveforms of an oxygen sensor during steady drive in the sixth embodiment: 
io FK3S. 16A and 16B are a flowchart showing the flow of processing of injection control in a seventh preferred 
embodiment of the present invention; 

FIG. 17A - 17E are graphs showing fuel injection waveforms of a fuel injection valve of each cylinder and output 
waveforms of an oxygen sensor during steady drive in the seventh embodiment 

FIGS. 1BA and 18B are a flowchart showing a flow of processing of injection control in an eighth preferred embod- 
15 iment of the present invention; 

FIGS. 19A - 19E are graphs showing fuel injection waveforms of a fuel injection valve of each cylinder and output 
waveforms of an oxygen sensor during steady drive in the eightfi embodiment; 

FIGS. 20 A and 20 B are a flowchart showing a flow of processes of an injection control program in a ninth preferred 
embodiment of the present invention; 
&> FIGS. 21 A - 21 E is a time chart showing fuel injection waveforms of a fuel injection valve of each cylinder and out- 
put waveforms of an oxygen sensor during steady drive in the ninth embodiment. 

DETAILED DESCRIPTION OF THE PRESENTLY PREFERRED EXEMPLARY EMBODIMENTS 

25 A first preferred embodiment in which the present invention is applied to a four-cylinder cflesel engine will be 
explained below based on FIGS. 1 through 4. 

First the structure of the entire engine control system will be explained based on FIG. 1 An air flow sensor 1 2 for 
detecting an intake air amount is in an intake pipe 11 of a diesel engine 10, le > an internal combustion engine, and 
intake air which passes through the air flow sensor 12 is taken into each cylinder of the diesel engine 10 via an intake 

30 manifold 13. An electromagnetic fuel injection valve 14 is attached to each cylinder of the diesel engine 10 and fuel is 
supplied at high pressure to the fuel injection valve 14 from a high pressure fuel pump 15 via a fuel pipe 16. 

Exhaust gas emitted from each cylinder of the diesel engine 10 is discharged to a discharge pipe 1 a via an exhaust 
manifold 17 (exhaust passage) and a catalyst for reducing and purifying NO x in the exhaust gas, La, NO x catalyst 19, 
is in the exhaust pipe 18 An oxygen sensor 20 for detecting the concentration of oxygen within the exhaust gas is on 

35 the upstream side of the NO* catalyst 19. and an exhaust gas temperature sensor 21 for detecting exhaust gas temper- 
ature is on the downstream side of the NOx catalyst 19. 

An EGR pipe 22 executing an exhaust gas recirculating passage for recirculating part of the exhaust gas to the 
intake pipe 11 is connected between the exhaust pipe 18 and the intake pipe 11 and an EGR valve 23 is in the EGR 
pipe 22. The aperture of the EGR valve 23 is controlled by an EGR controller 24 and the EGR gas flow rate passing 

do through the EGR pipe 22 is controlled through the control of the aperture. 

The fuel injection valve 1 4 of each cylinder and the EGR control valve 24 are controlled by an engine electronic con- 
trol circuit (hereinafter denoted as "ECU") 25 whale the diesel engine 10 is in operation The ECU 25 detects the oper- 
ational state of the diesel engine 1 0 based on signals read from the air flow sensor 1 2, an accelerator pedal sensor 26 
and an engine speed sensor 27 (all of these correspond to operational state detecting means) and determines whether 

45 or not the temperature of the NO x catalyst 19 is within a predetermined activated temperature range based on an output 
signal of the exhaust gas temperature sensor 21 . 

An engine control program shown in FIG. 2 is stored in a ROM (read only memory) in the ECU 25. The ECU 25 
functions as injection control means for o inputting a main injection command to the fuel injection valve 14 of each cyl- 
inder to generate engine output and for autputting a post-injection command for supplying hydrocarbon to the NO x cat- 

so aiyst 19 and as oxygen sensor correcting means for correcting an output value of the oxygen sensor 20 by executing, 
the engine control program shown in FK3L 2. It also functions as engine control variable correcting means far correcting 
the EGR gas flow rate which is one of the control variables of the diesel engine 1 0 in the direction of enhancing the rate 
of purification of NO x based on the corrected output value of toe oxygen sensor 20. 

The engine control executed by the ECU 25 will be explained below by following the flowchart of FIG. 2. The engine 

55 control program is executed repeatedly every predetermined time or every predetermined crank angle. When the 
engine control program is activated, the circuit reads each signal output from the accelerator pedal sensor 26, the 
engine speed sensor 27, the err flow sensor 12, the oxygen sensor 20 and the exhaust gas temperature sensor 21 to 
detect the operational state of the diesel engine 1 0 in Stop 101 at first 
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After that, Step 102 calcutetes^Bct Injection amount and its injection timing as wfflK a main injection amount 
and its injection timing from the output signals ot the accelerator pedal sensor 26 and the engine speed sensor 27. Next 
Step 103 estimates an NO* discharge emitted from the diesel engine 10 based on the output agnate of the accelerator 
pedal sensor 26 and the engine speed sensor 27 and calculates a post-injection amount and Its injection timing from 
> the estimated NO* discharge and the output signal from the exhaust gas temperature sensor 21. It is noted that the 
post-injection is executed when the temperature of the NO* catalyst 19 is determined to be within the predetermined 
activated temperature range based on the output signal of the exhaust gas temperature sensor 21 . 

Here, the pilot injection, main injection and post-injection will be explained based on FIGS. 3A - 3D. FIGS, 3 A - 3D 
are graphs showing fuel injection waveforms of the fuel injection valve 14 of each cylinder based on afuel injection sig- 
nal from the ECU 25. The main injection is executed near Compression top dead center to generate engine output for 
each cylinder. Prior to the main injection, pilot injection is executed to inject a small amount of fuel into the cylinder. 
When friis fuel is ignited, the main injection is executed to reduce the pre-mixed combustion In the beginning of the com- 
bustion to reduce the NO x discharge. Post-inJection is executed in the expansion or exhaust stroke after the combustion. 
Accordingly, thej post-injected fuel is mixed with the exhaust gas whig unburned and is discharged from the diesel 
* engine 10. It is (Hen supplied to the NO x catalyst 19 to be consumed for the reduction and purification of NO x . The pilot 
injection, main injection and post-injection are executed in the seme manner in all of the cylinders in the first embodi- 
ment. 

After calculating the injection amount and injecting timing of the pflot injection, main injection and post-injection in 
Steps 102 and 1 03 in FIG. 2, the process advances to Step 104 to output injection commands of the pilot injection, main 

20 injection and post-injection sequentially to the fuel injection valve 1 4 of each cylinder. 

Next. Step 105 detects an exhaust gas flow rate at a predetermined position to calculate a first predetermined time 
required for the exhaust gas to reach the oxygen sensor 20 since when the exhaust gas flow rate has been detected 
and to calculate a second predetermined time required for the exhaust gas to reach the oxygen sensor 20 since it has 
been post-injected. Methods for calculating the first and second predetermined times will be explained below in detail. 

2S The predetermined position in this embodiment is set at the position of the air flow sensor 12. The first predetermined 
time is composed of a first time required for the exhaust gas to move from the air flow sensor 12 to the diesel engine 
1 0. a second time during which it stays within the diesel engine 1 0 and a third time required for the exhaust gas to move 
from the diesel engine 10 to the oxygen sensor 20. 

A method for calculating the first time will be explained at first An intake air flow rate per unit time is determined 

30 from an intake air flow rate detected by the oxygen sensor 20. Because the intake air flow rate per unit time has been 
determined in terms of mass flow rate, a volumetric flow rate per unH time may be found by calculations using temper- 
ature and pressure. The first time may be found by dividing the above-mentioned volumetric flow rate per unit time by 
a volume of the intake pipe calculated from the diameter of the intake pipe (known) and the distance (known) from the 
air flow sensor 12 to the diesel engine 10. 

55 The second time is determined by the engine speed of the diesel engine 1 0. Because the intake air stays within the 
diesel engine 10 during one cycle, La, two rotations, the second time may be found by finding the rotational period (time 
required for turning once) from the engine speed and by doubling this rotational period. For instance, when the engine 
speed is 1000 rpm, the rotational period is 0.06 e and the second time is 0.12 s. When the engine speed is 2000 rpm, 
the rotational period is 0.03 6 and the second time is 0.06 s. 

<o The third time may be found in the same manner with the first time. Here, the exhaust flow rate is estimated to be 
almost equal to the intake air flow rate detected by the oxygen sensor 20. Similarly to the first time, the exhaust flow rate 
per unit time is found from the exhaust flow rate and the exhaust flow rate as a volumetric flow rate is found by calcula- 
tions using temperature and pressure. The third time may be found by dividing tfie above-mentioned volumetric flow 
rate per unit by the volume of the exhaust pipe calculated from the diameter of the exhaust pipe (known) and the dis- 

46 tance (known) from the diesel engine 10 to the oxygen sensor 20. It is noted that the calculation of the intake air flow 
rate and the exhaust flow rate may be corrected by the rate of EGR. 

The second predetermined time may be found from a time difference from the timing of post-injection to the timing 
when the output of the oxygen sensor 20 has been dropped and detected (see FIG. 4). 

After that. Step 106 estimates the current concentration of hydrocarbon near the oxygen sensor 20 from the, 

so exhaust flow rate before the first predetermined time from tfie present moment and from the postHnjection amount 
before the second predetermined time. Because the exhaust gas before the first predetermined time and the post-injec- 
tion before the second predetermined time from the present moment have reached near the oxygen sensor 20 at the 
present moment the concentration of hydrocarbon near the oxygen sensor 20 at the present moment may be estimated 
by dividing the post-injection amount before the second predetermined time by the exhaust flow rate before the first pre- 

55 determined time from the present moment Then the concentration of oxygen necessary for burning the estimated 
hydrocarbon is calculated. For instance, when an average composition of hydrocarbon supplied during the post-injec- 
tion is CH 1 ^5, a reaction formula for burning the hydrocarbon is shown in Equation (1): 
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Oh JBP + 1^85/4)02 CCfe + (1 .85/2)Hs>0 (1) 

The amount of oxygon nec essary for burning the above-mentioned hydrocarbon is 1.4625 times the amount of 
hydrocarbon. Because the concentrator! of hydrocarbon may be considered to be the number of hydrocarbon mole- 
cules within the exhaust gas, the necessary number of oxygen molecules is 1.4625 times the number of hydrocarbon 
molecules. That ia, the concentration of oxygen necessary for burning the estimated hydrocarbon may be calculated as 
1 .4625 times of the estimated concentration of hydrocarbon. 

Next Step 1 07 averages the output signals of the oxygen sensor 20 per 1 80° CA. This is carried out to improve the 
accuracy for detecting the concentration of oxygen by averaging by an output period (180° CA) of the post-injection 
command because the ouiput signal of the oxygen sensor 20 fluctuates by that period as shown in FIG. 4. 

In Step 1 08, the cirajit corrects (incremental correction) the averaged output signal of the oxygen sensor 20 by the 
concentration of oxygen calculated in Step 106. This is carried out considering that the post-injected and unbumed 
hydrocarbon burns around the oxygen sensor 20. thus dropping the detected concentration of oxygen. The output sig- 
nal of the oxygen sensor 20 is incrementally corrected by the amount corresponding to the decrease of the concentra- 
tion of oxygen caused by this combustion. That is. the 'concentration of oxygen necessary tor burning the estimated 
concentration of hydrocarbon" calculated in Step 1 06 corresponds to the concentration of oxygen decreased in the out- 
put signal of the oxygen sensor 20. Accordingly; the concentration of oxygen which corresponds to that in the case 
when no post-injection is executed may be calculated by correcting (incremental correction) the averaged output signal 
of the oxygen sensor 20 by the concentration of oxygen calculated in Step 106. Thereby, the concentration of oxygen 
necessary for controlling the EGR (concentration of oxygen within the EGR gas) may be estimated accurately. 

After that Step 1 09 compares the output signal (concentration of oxygen after the correction) of the oxygen sensor 
20 which has been incrementally corrected in Step 108 with a target concentration of oxygen to control the power fed 
to the EGR control valve 24 in correspondence with the result of comparison to increase or reduce the EGR gas flow 
rate. That is, because the concentration of oxygen after the correction corresponds to the concentration of oxygen nec- 
essary for controlling the EGR (concentration of oxygen within the EGR gas), it is compared with the target concentra- 
tion of oxygen and the EGR gas flow rate is reduced when the concentration of oxygen after the correction is lower than 
the target concentration of oxygen. The EGR gas flow rate is increased when the concentration of oxygen after the cor- 
rection is higher than the target concentration of oxygen.* 

The concentration of oxygen which corresponds to that in the case when no post-injection is executed. Le. f the con- 
centration of oxygen within the EGR gas necessary for controlling the EGR, may be accurately detected and the accu- 
racy for controlling the EGR may be improved by controlling as described above even if the post-injected and unbumed 
hydrocarbon bums at the oxygen sensor 20 and the detected concentration of oxygen drops. Thereby. NO x may be puri- 
fied efficiently as the NO x catalyst 19 and the EGR effectively perform their functions. 

Further, the current concentration of oxygen within the exhaust gas near the oxygen sensor 20 may be detected 
accurately, the EGR may be controlled accurately and the rate of purification of NO x by the EGR may be enhanced, 
even if the diesel engine 1 0 is in the transient operational state, by taking the time necessary for the exhaust gas to flow 
through the intake pipe 1 1 and the exhaust manifold 17 and the time required for the intake, compression, expansion 
and exhaust strokes within the cylinder into consideration in Step 1 0S 

post-injectio n may be executed only in part of the cylinders (i.e.. Intermittent post-injection). Hydrocarbon may be supP~ 
plied to the NO x catalyst 19 in proper quantities by setting the total amount of hydrocarbon to be post-injected during 
one cyde (720° CA) so that it coincides with a target supply for each cycle. 

Further, although the output signals of the oxygen sensor 20 have been averaged over 1 80° CA to execute the post- 
injection to all of the cylinders in the four-cylinder diesel engine 10 in the first embodiment they may be averaged over 
360° CA when the post-injection is executed intermittently tor every other cylinder and over 720° CA when the post- 
injection is executed only In one cylinder in one cyde. Generally, when the post-Injection is executed in M cylinders in 
one cyde, the output signal of the oxygen sensor 20 may be averaged over (7207M)* CA. 

Still more, although the output signal of the oxygen sensor 20 has been incrementally corrected in Step 106 by 
using the concentration of oxygen calculated in Step 106 in the first embodiment the target concentration of oxygen 
may be decrementally corrected by using the concentration of oxygen calculated in Step 106. 

[Second Embodiment] 

FIGS. 5 through 7 show a second preferred embotfment of the present invention and mainly parts different from 
the first embodiment described above will be explained below. In the second embodiment, the post-injection is executed 
intermittently as described below, so that exhaust gas containing hydrocarbon euppGed by me post-Injection and 
exhaust gas containing no hydrocarbon alternately flow. Further, tfie period during which the pest-injection is executed 
is set to be longer than the period determined from the detection of the oxygen sensor 20. Thereby, the concentration 
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of oxygen within the exhaust gas eSHS from the cyfinder in which no post-injection is sMuted (concentration of oxy- 
gen within fte exhaust gas containing no hydrocarbon supplied by the post-injection) may be detected accurately by the 
oxygen sensor 20 before the exhaust gas containing hydrocarbon supplied by the next post-injection arrives at the oxy- 
gen sensor 20. 

s The control performed In the second embodiment win be explained below while following the flowchart shown in 
FIG. 5. The engine control program shown in FIG. 5 is executed repeatedly every predetermined time or every given 
crank angle. When the engine control program is activated, Step 201 reads each signal output from the accelerator 
pedal sensor 26, the engine speed sensor 27,. the airflow sensor 12. the oxygen sensor 20 and the exhaust gas tem- 
perature sensor 21 . Then, Step 202 calculates a pilot injection amount and its injection timing as well as a main injection 

io amount and its injection timing from the output signals of the accelerator pedal sensor 26 and the engine speed sensor 
27. Next the process advances to Step 203 to estimate an NO* discharge from the ctiese) engine 10 based on the out- 
put signals of the accelerator pedal sensor 26 and the engine speed sensor 27 and to calculate a post-injection amount 
and Its injection timing from the estimated NO* discharge and the output signal from the exhaust gas temperature sen- 
sor 21. 

75 After that. Step 204 accumulates the predetermined post-injection amounts every time when the program is acti- 
vated from the end of the post-injection of the last time to find the cumulative post-Injection amount In order to calculate 
the post-injection amount corresponding to the elapsed time (crank angle) from the end of the post-injection of the last 
time to the present moment. Then. Step 205 outputs injection commands of pilot injection and main injection sequen- 
tially to the fuel injection valve 1 4 of each cylinder. 

20 Next, Step 206 determines whether or not the predetermined time has passed from the end of the post-injection of 
the last time. Here, the predetermined time is a time longer than the period determined from the detection responsibility 
of the oxygen sensor 20 and is set within a range of 20 ms to 500 ms or more (preferably within a range of 50 ms to 200 
ms), for example. When the predetermined time has not passed since the end of the post-injection of the last time, the 
present program is finished without executing the processes thereafter. When the predetermined time has passed since 

25 the end of the post-injection of the last time, the process advances to Step 207 to output a post-injection command to 
the fuel injection valve 14 of the appropriate cylinder and the post-injection is executed in the expansion or exhaust 
stroke of the cylinder. « 

After that, the process advances to Step 208 to dear the cumulative post-Injection amount to zero and to determine 
whether or not the output signal of the oxygen sensor 20 has reached the maximum value within the above-mentioned 

so predetermined time and has stabilised temporarily in Step 209. That is, it is determined whether or not the oxygen sen- 
sor 20 has been able to detect the concentration of oxygen within the exhaust gas containing no unburn ed hydrocarbon 
supplied by the post-injection (concentration of oxygen when no post-injection is executed). When the determination of 
Step 209 is "No", the output signal of the oxygen sensor 20 has been influenced by the post-injection and the concen- 
tration of oxygen necessary for controlling the EGR (concentration of oxygen within the EGR gas) cannot be detected 

ss accurately, so that the present program is finished without executing the processes thereafter. 

When the determination in Step 209 is "YES" Le., when the concentration of oxygen necessary for controlling the 
EGR could have been detected, Step 210 compares the output signal of the oxygen sensor 20 with the target concen- 
tration of oxygen to increment or decrement the EGR gas flow rate by controlling the power fed to the EGR control valve 
24 in correspondence with the result of the comparison. Thereby, the EGR may be controlled accurately and the rate of 

40 purification of NO„ by the EGR may be enhanced. 

After that. Step 21 1 compares the maximum value (i.e., the concentration of oxygen in the exhaust gas containing 
no hydrocarbon supplied by the post-injection) with the minimum value (i.e., the concentration of oxygen in the exhaust 
gas containing hydrocarbon supplied by the post-injection) within the above-mentioned predetermined time in the out- 
put signal of the oxygen sensor 20 to calculate the variation of the output of the oxygen sensor 20 within the predeter- 

45 mined time and to calculate an amount of hydrocarbon post-injected based on the variation. When the calculated value 
deviates from the target amount of hydrocarbon, the command value of the post-injection is incremented or decre- 
mented 

The calculation of the variation of the output of the oxygen sensor 20 within the predetermined time may be exe- 
cuted also by integrating (accumulating) the difference between the output of the oxygen sensor 20 and the concentra- 

so tion of oxygen when no post-injection is executed within the predetermined time in Step 21 1 . In this case, the variation 
of the output of the oxygen sensor 20 in which the state of change in the middle of the output of the oxygen sensor 20 
is also taken into consideration may be found. 

In this case, because the change of the output of the oxygen sensor 20 is induced by the fact that the exhaust gas 
containing hydrocarbon supplied by the post-injection and the exhaust gas containing no hydrocarbon flow alternately, 

ss it is possible to estimate the amount of hydrocarbon post-injected from the variation of the output of the oxygen sensor 
20 within the predetermined time. Accordingly, the deviation of the post-injection amount caused by the difference of 
individual signals (variation) and the elapsed deterioration of the fuel Injection valve 14 and the error of the control sys- 
tem may be corrected and hydrocarbon may be supplied always in propsr quantities stably to the NO* catalyst 19, thus 
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contributing to the improvement of the r^Hpurffication of NO x , by correcting the amount o^Hinjected hydrocarbon 
based on the variation of the output of thSSxygen can got 20. 

FIGS. 6A-6D are graphs showing fuel injection waveforms of cylinders (1) through (4) when the engine control pro- 
gram shown in FIG. 5 is executed during steady-state operation. While the pilot injection and main injection are exe- 

e cuted in the same manner in all of cylinders (i) through (4) 4 the posMnjection is not executed in cylinders (2) and (3) 
because it is not executed until the predetermined time which is longer than tie period determined from the detection 
responsibility of the oxygen sensor 20 elapses since it has been executed in cylinder (1). It is foen executed in cylinder 
(4) after the elapse of the predetermined time. Because post-injection is not executed again untfl the predetermined 
time elapses since it has been executed in cylinder (4), it is not executed in cylinders (1) and (2). It is executed in cyfin- 

70 der (4) when the predetermined time elapses and the same process is repeated thereafter. 

FIG. 7 is a graph showing a waveform of the output signal of the oxygen sensor 20 when the post-injection shown 
in the above-mentioned graphs in FIGS. 6A-6D is executed. The output signal of the oxygen sensor 20 drops every time 
post-injection is executed in cyfinder (1). cylinder (4) and cylinder (3) as shown in Fia 7. The period of fluctuation of the 
output corresponds to 540° CA. Because the exhaust gas containing no unburned hydrocarbon supplied by the post- 

1$ injection is discharged from the two cylinders and flows into the oxygen sensor 20 to be replaced within the oxygen sen- 
sor 20 since the time the post-injection has been executed until the next post-injection is executed, the output of the oxy- 
gen sensor 20 increases. Thereby, the output of the oxygen sensor 20 reaches the maximum value (i.e.. the 
concentration of oxygen within the exhaust gas when no post-injection is executed) after the predetermined time which 
is determined from the detection reeponsbility of tiie oxygen sensor 20 and the "concentration of oxygen necessary for 

20 controlling the EGR (the concentration of oxygen within the EGR gas) may be detected accurately without being influ- 
enced by the post-injection by detecting the maximum value. 

Because the concentration of oxygen necessary for controlling the EGR may be detected accurately without being 
influenced by the post-injection by setting the period during which fee post-injection is executed to be longer than the 
period determined from the detection responsibility of the oxygen sensor 20 in the second embodiment descrfoed 

25 above, the output signal of the oxygen sensor 20 need not be corrected, thus differing from the first embedment 
described above. That is, the EGR may be controlled accurately and ttie rate of purification of NO x by the EGR may be 
enhanced without correcting the output signal of the oxygen sensor 20. Le., by using It In controlling the EGR as it is. 
Thereby, it becomes pose&le to purify NO x efficiently by effectively exhabfong the both functions of the NCX catalyst 19 
and the EGR. 

30 

[Third Embodiment] 



The post-injection is executed only In a specific cyfinder (cylinder (1) in the present case) in a third preferred 
embodiment of the present invention shown in FIGS. 8 and 9A-9D. That is. the post-injection amount of all the cylinders 

35 is injected only in the specific cylinder (1). What is different from the structure shown in FIG. 1 in the third embodiment 
is that the position where the oxygen sensor 20 is set and the position of a connection port 31 of the EGR pipe 22 
(exhaust gas recirculating passage) on the exhaust pipe side. That is, the oxygen sensor 20 is disposed in the exhaust 
manifold 1 7d of cyfinder (4) at the position distant farthest from the specific cylinder (1) in which the postinfection is exe- 
cuted in the third embocfiment Similarly, the connection port 31 of the EGR pipe 22 on the exhaust pipe side is con- 

40 nected to the exhaust manifold 1 7d of cylinder (4) at the position most distant from the specific cylinder (1) in which the 
post-injection is executed. 

FIGS. 9Ar9D are graphs showing fuel injection waveforms of cylinders (1) through (4) in the third erribodiment. 
Although pile* injection and main Injection are executed in the same manner to all cylinders, post-injection is executed 
only in the specific cyHnder (1). When postinfection Is thus executed only in the specific cylinder (1), the exhaust gas 

45 containing hydrocarbon supplied by the post-injection flows only to the exhaust manifold 17a of the specific cylinder (1) 
and the exhaust gas containing no hydrocarbon supplied by the post-injection flows to me exhaust manifolds 17b, 17c 
and 1 7d of the other cylinders (2), (3) and (4). 

In this case, while a phenomenon In which part of the exhaust gas containing hydrocarbon flowing out of the 
exhaust manifold 17a of cylinder (1) in which post-injection has been executed flows backward to and diffuses in the 

so exhaust manifolds 1 7b. 1 7c and 1 7d of the other cylinders (2) , (3) and (4). the further from the cylinder (1) in which the 
post-injection is executed, the less significant this counterflow and diffusion phenomenon becomes. Accordingly, 
because the counterflow and diffusion phenomenon of the post-injected hydrocarbon occurs least in the exhaust man- 
ifold I7d of cylinder (4) which Is distant most from cylinder (1) in which the post-injection is executed, the concentration 
of oxygen may be detected relatively accurately without being influenced by hydrocarbon supplied by post-injection by 

55 disposing the oxygen sensor 20 at the exhaust manifold 1 7d of the cylinder (4). In this case, the concentration of oxygen 
wrthin the exhaust gas may be detected relatively accurately without correcting the output value of the oxygen sensor 
20 like the first embodiment described above. 

For the same reason, the EGR pipe 22 is connected to the exhaust manifold 1 7d of the cylinder (4) at the position 
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distant most from the specific cyiina^R in which posHnJectlon Is executed, so that the^Kust gas containing hydro- 
carbon supplied by post-injection is hardly returned to the Induction system via the EQR pipe 22 even when post-injec- 
tion is executed in the cyfinder (1), the supply of hydrocarbon by the EGR may be stressed from reducing end the 
rate of purification of NOx of the NO x catalyst 19 may be prevented from dropping. Thereby, it becomes possible to 

s purify NO* efficiently white exhibiting both functions of the NO* catalyst 1 9 and the EGR effectively. 

FIG. 10 shows rates of hydrocarbon recirculated to the induction side by the EQR among the amount of hydrocar- 
bon post-injected when the cylinders in which the post-Injection is executed are changed sequentially from (1) to (4) 
when the rate of EGR is 30%. The rate of recirculation to the induction side is the highest when the post-injection is exe- 
cuted in the cyfinder (4) which is closest to the EQR pipe 22 and the rate of recirculation to the induction skfe is the low- 

io est when the post-injeution is executed in the cyfinder (1) which is most distant from the EGR pipe 22. 

It is noted that the oxygen sensor 20 is positioned at the upstream side of the connection port of the EQR pipe 22 
at the exhaust pipe side in the example shown in FIG, 9; however, this order may be reversed 

Further, although the specific cylinder in which the post-injection is executed has been only one cylinder in the third 
embodiment, it may be two or more cylinders. It is also possible in this case to set the position of the oxygen sensor 20 

15 and that of the connection port 31 of the EGR pipe 22 on the exhaust pipe side in the exhaust manifold of the cylinder 
distant most from the specific cylinders in which the post-injection is executed. 



[Fourth Embodiment] 



20 FIG. 1 1 shows a fourth preferred embodiment of the present invention. This embodiment is different from the struc- 
ture shown in FIG. 1 in that the connection port 32 of the EGR pipe 22 on the exhaust pipe side is connected to the 
downstream side of the NO* catalyst 1 9 and that an exhaust throttle valve 33 is on the downstream side of the connec- 
tion port 32 of the EGR pipe 22 on the exhaust pipe side. Thereby, afl of the exhaust gas containing unbumed hydro- 
carbon supplied by post-injection flows into the NO x catalyst 1 9 to be used for the reduction and purification of NOx, and 

25 part of the exhaust gas containing no unburned hydrocarbon or containing unburned hydrocarbon a little which has 
passed through the NO* catalyst 19 is returned to the intake pipe 1 1 as the EQR gas. Accordingly, even when EGR is 
executed, the supply of hydrocarbon to the NOx catalyst 1 9 by post-injection is not reduced at aQ and it becomes pos- 
sible to purify NO x efficiently by effectively exhibiting both functions of the NO* catalyst 19 and the EQR. 

In this case, because tfte exhaust pressure at the downstream side of the NO x catalyst 1 9 is low compared to that 

so of the upstream side, there is a case where the EGR gas flow rate cannot be obtained fully. Then, the exhaust pressure 
at the connection port 32 of the EGR pipe 22 Is boosted to maintain enough EGR gas flow by providing the exhaust 
throttle valve 33 at the downstream side of the connection port 32 of the EQR pipe 22 on the exhaust pipe side and by 
throttling the aperture of the exhaust throttle valve 33 only when the EGR is controlled in the fourth embodiment 



35 [Fifth Embodiment] 

FIG. 12 shows a fifth preferred embodiment of the present invention whose structure is different from the structure 
shown in FIG. 1 in that an NO x catalyst for EQR gas 34 for reducing and purifying NO x within the EGR gas is in the EQR 
pipe 22. In this structure, hydrocarbon within the EGR gas reacts with NO x and the NOx te reduced and purified by the 
40 catalytic action of the NO x catalyst for EQR gas 34 in the process when the part of the exhaust gas containing the post- 
injected hydrocarbon flows through the EQR pipe 22 as the EGR gas and passes through the NO x catalyst 34 for EGR 
gas. Thereby. NQx within the EGR gas which is returned to the diesel engine 10 is reduced. NO x is reduced efficiently 
by the EGR, and NO x emitted from the diesel engine 10 is reduced. 

it is noted that the NO x catalyst for EGR gas 34 may be disposed on the upstream/downstream side of the EQR 
45 valve 23 as long as it is disposed in the middle of the EGR pipe 22. 

[Sixth Embodiment) 



A sixth embodiment in which the present invention is applied to a four-cylinder diesel engine, for example, will be 
so explained below based on FIGS. 1 3 through 1 5E. As seen in FIG. 1 3, the structure of this embodiment is different from 
that of the first embodiment in that the EGR passage 22. EQR valve 23. and EQR controller 24 are omitted. 

The contents of the injection control program executed by the ECU 25 in this embodiment will be explained below 
based on the flowchart shown in FIGS. 1 4A and 14B. The injection control program is executed repeatedly every pre- 
determined time or every predetermined crank angle. When the injection control program is activated, the circuit reads 
55 each signal output from the accelerator pedal sensor 26. the engine speed sensor 27, the air flow sensor 12 and the 
exhaust gas temperature sensor 21 in order to detect the operational state of the tfesei engine 1 0 in Step 301 . It also 
reads a correction factor k(i) (i « 1 to 4) of tfie post-injection amount command value of each cylinder stored in the RAM 
(not shown) of the ECU 25. 
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After that Step 302 calculates a pi^J^ction amount and its injection timing as well d^Jtain injection amount 
and te injection timing from the output signals of the accelerator pedal sensor 26 and the engine speed sensor 27. Fur- 
ther* it estimates an NO x discharge amount from the dieseJ engine 10 based on the output signals of the accelerator 
pedal sensor 26 and the engine speed sensor 27 and calculates command values of a post-injection amount and its 
injection timing from the estimated NO x discharge and the output signal from the exhaust gas terrperature sensor 21 . 
it is noted that posHnJection is executed when the temperature of the NO* catalyst 1 9 is determined to be within a pre^ 
determined activated terrperature range based on the output signal of the exhaust gas temperature sensor 21 . 

Here, the pilot injection, main injection and post-Injection will be explained based on FIGS. 15A-15E. FIGS. 15A- 
15E are graphs showing fuel injection waveforms of the fuel injection valve 14 of each cylinder based on a fuel injection 
signal from the ECU 25. Reference letter (a) within FIGS. 15A-15E denotes pilot injection, reference letter (b) main 
injection and reference letters (do through o4l) post-Injection. Main injection is executed near the compression top 
dead center to generate engine output for each cylinder. Prior to main injection, pilot injection is executed to Inject a 
small amount of fuel. When this fuel is Ignited, main injection is executed to reduce the pro-mixed combustion at the 
beginning of the combustion to reduce the NO* discharge. Post-injection Is executed in the expansion or exhaust stroke 
after combustion. Accordingly, the post-injected fuel is mixed with the exhaust gas while in the urfcurned state and is 
discharged from the diesel engine 10. It is then supplied to the NO* catalyst 19 to be consumed for the reduction ami 
purification of NO x . Post-injection is executed in all of the cylinders for the fuel injection In the sixth ernbodiment 

As noted above, Step 302 in FIG. 14A calculates command values of the injection amount and injection timing of 
pilot injection, main Injection and posNnjection and determines whether the correction factor k© (i « 1 to 4) of the post- 
injection amount command value of each cylinder needs to be set again in Step 303. ft is determined to be necessary 
to set again when the correction factor k(i) has not been set again at all so for when the difference of individual varia- 
tions of the fuel injection valve 14 is to be corrected and H is determined to be necessary to set again when it has 
reached a predetermined cumulative running distance since the correction factor k(i) has been set again the last time 
when the elapsed deterioration is to be corrected. Further, it is determined to be necessary to set the correction factor 
k(i) again for each elapse of a predetermined time or when the engine running state changes significantly when a com- 
mon rail pressure (fuel pressure) is to be corrected. 

When it is determined not to be necessary to set the correction factor k(i) again in Step 309 described above, the 
process advances to Step 31 0. When it is determined to be necessary to set it again, the process advances to Step 304 
to calculate the concentration of oxygen within the exhaust gas when no post-injection is executed from map data or the 
like found by experiments and simulation in advance based on the output signals of the accelerator pedal sensor 26 and 
the engine spaed sensor 27. Then, the exhaust gas flow rate is calculated from the output signal of the air now sensor 
12. an amount of HC (hydrocarbon) is calculated from the post-injection amount command value, the concentration of 
HC within the exhaust gas is calculated from the exhaust gas flow rate and the amount of HC and the concentration of 
oxygen A within the exhaust gas when post-injection is executed is calculated by subtracting the concentration of oxy- 
gen necessary for burning the concentration of HC within the exhaust gas from the concentration of oxygen within the 
exhaust gas described above when the post-injection is not executed. 

After that Step 305 reads the output signal of the oxygen sensor 20. Step 306 then averages the output signal of 
the oxygen sensor 20 over 1 80° C A to find an average concentration of oxygen B. Here, the concentration of oxygen is 
averaged to improve the accuracy of detecting the concentration of oxygen by averaging by the output period of the 
post-injection command because the output signal of the oxygen sensor 20 fluctuates with that period. 

Next Step 307 in FIG. 14B compares the average concentration of oxygen B calculated in Step 306 and the con- . 
cerrtration of oxygen in exhaust gas A when the post-i reaction is executed calculated in Step 304. When B > A, it is 
determined that the actual HC supply (post-Injection amount) is less than the amount of HC to be supplied by the post- 
injection (command value). Step 308 then calculates a coefficient of increment kl (k1 > 1) of the post-injection amount 
command value corresponding to the difference between Band A and to set the correction factor k(i) of the post-injec- 
tion amount command value again by multiplying the correction factor k(i) of the posHnjection amount oommand value 
used in the last time with the coefficient of increment k1 (k(0 * K(i) x kl ). Then, the process advances to Step 310. 

On the other hand, when B™ A, it Is determined fliat the amount of HC to be supplied by the post-injection coin- 
cides with the actual supply of HC, In this case, the correction factor k(i) of the post-injection amount command value 
used in the last time can be used also this time as it is, so tiiat the process advances to Step 310 as His. 

When B < A, it is determined that the actual supply of HC is greater than the amount of HC to be supplied by post- 
injection. Then. Step 309 calculates a coefficient of decrement k2(k2< 1)of the post-injection amount command value 
corresponding to the difference between B and A and to set the correction factor k(i) of the post-injection amount com- 
mand value again by multiplying the correction factor k(i) of the post-injection amount command value used in the last 
time with the coefficient of decrement V2 (k(i) - k(i) x k2 ). Then, the process advances to Step 310. 

it is noted that the process advances to Step 310 also when it is determined in Step 303 described above that the 
correction factor k(i) of the posUn] action amount command value need not be set again. 

Step 310 corrects the post-injection amount command value by the correction factor k(i) by multiplying the post- 
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injection amount command value vWWe correction factor k(i) (post-injection amount oSPand value = post-injection 
amount command value x k(l)). Step 31 1 then outputs commands (injection amount and injection timing) of the pilot 
injection, main injection and post-injection to the fuel injection valve 14. 

An operational example of the injection control program described above wiD to explained by using FIGS. 15A-15E. 
FIGS. 15A-15D are graphs showing fuel injection waveforms of the first through fourth cylinders (1) through (4) and FIG. 
15E is a waveform of an output signal of the oxygen sensor 20 during steady-state operation. In FIG. ise, the solid fine 
indicates an actual sensor output and the broten line indicates the concentration of oxygen in exhaust gas A when post- 
injection is executed calculated in Step 304, 

When fuel is injected in cylinder (1), the exhaust gas flows into the oxygen sensor 20 in the exhaust stroke so that 
a phase (time) delays and the output of the oxygen sensor 20 changes. When the output of the oxygen sensor 20 in the 
exhaust gas (c10) corresponding to cylinder (1) is averaged by the crank angle of 180°, it becomes equal to me con- 
centration of oxygen in exhaust gas A indicated by the broken fine. That is, because the amount of post-injection c10 
executed in the cylinder (1) coincides with the target amount of post-injection (command value), the correction factor 
k(i) of the post-injection amount command value is not set again. Accordingly, the amount of the next post-injection d 1 
rs of cylinder (t) is equal to that of c10. 

Next when me output of me oxygen sensor 20 of the exhaust gas (c20) from cylinder (2) is averaged by the crank 
angle of 1 60°. it assumes a value higher man me concentration of oxygen in exhaust gas A indicated by the broken line. 
That is, because me amount of post-injection c20 executed in cylinder (2) is less than me target amount of post-injec- 
tion, me correction factor k(2) of the post-injection amount command value is multiplied by me coefficient of increment 
20 kl (k1 > 1) to be set again. Accordingly, the amount of me next post-injection c21 is incremented more than that of c20. 
Next, when me output of me oxygen sensor 20 of me exhaust gas (c20) from cylinder (3) is averaged by the crank 
angle of 180°, it assumes a value tower than me concentration of oxygen in exhaust gas A indicated by me broken tine. 
That is, because me amount of post-injection c30 executed in cylinder (3) is greater than me target amount of post- 
injection, the correction factor k{3) of me post-injection amount command value is multiplied with me coefficient of dec- 
25 rement k2 (K2 > 1) to be set again. Accordingly, me amount of me next post-injection c31 is decremented to be less 
man mat of c30. 

When me output of me oxygen sensor 20 in the exhaust gas (c40) from cylinder (4) is averaged by me crank angle 
of 160°, it becomes equal tome concentration of oxygen in exhaust gas A indicated by me broken One. That is, because 
the amount of post-injection c40 executed in cylinder (4) coincides with me target amount of post-injection, me correo- 

$o tion factor k(4) of me post-injection amount command value is not set again. Accordingly, the amount of me next post- 
injection c41 of cylinder (4) is equal to that of c40. 

Because me amount of post-injection (cl 1 through c4l) of each cylinder of me next cycle has been corrected by 
me above-mentioned processes, me output of me oxygen sensor a) of me exhaust gas from each cylinder becomes 
equal to me concentration of oxygen in me exhaust gas A indicated by me broken line when it is averaged by me crank 

35 angle of 1 80°. Thus, even if mere are differences of individual signals (variation), elapsed change and fluctuation of me 
injection pressure of the fuel injection valve 1 4, the proper amount of hydrocarbon may be always supplied to me cata- 
lyst, me rate of purification of NO x may be improved and me post-injected unburn ed hydrocarbon may be prevented 
from being emitted, thus meeting with the needs of low emission, by correcting the command value of me post-injection 
amount by me actual post-injection amount detected by me oxygen sensor 20. 

40 Although the output of me oxygen sensor 20 has been averaged over 180° CA in tee sixth embodiment, it may be 
averaged over 360° CA or 720* CA, for example. 

Further, me concentration of HC within me exhaust gas may be calculated by calculating me exhaust gas flow rate 
by me output signal of me air flow sensor 12 and me rate of EGR determined from me engine running state in Step 304. 
Alternatively, me exhaust gas flow rate may be calculated from the engine speed. 



4S 



[Seventh Embodiment) 



While me concentration of oxygen in exhaust gas when no post-injection is executed has been calculated by using 
the map data from the output signals of me accelerator pedal sensor 26 and me engine speed sensor 27 in Step 304 

bo in FIG. 14A in me sixth embodiment, the concentration of oxygen in exhaust gas when no post-injection is executed is 
actually measured by me oxygen sensor 20 by stopping me post-injection for a predetermined time in me seventh 
embodiment shown in FIGS. 16A through 17E. The system structure of me seventh embodiment is me same as me 
structure shown in FIG. 13 and explained in connection with me sixth embodiment 

The contents of the injection control program executed in me seventh embodiment and shown in FIGS. 16A and 

55 1 6B will be explained below. The processes in Steps 401 through 403 are me same as those in Steps 301 through 303 
shown In FIG 1 4A. When Step 403 determines mat it is not necessary to set me correction factor k© (i * i to 4) again, 
me process advances to Step 413 in FIG. 16B described below. When *rt is determined to be necessary to set me cor- 
rection factor again, Step 404 reads me output of me oxygen sensor 20 when post-injection is executed and men Step 
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405 temporarily sets the post-injection I^Rrt command vafue of all the cylinders to zero the post-injection of 
an the cylinders. 

After that Step 406 determines whether or not th predetermined time" has passed since the post-injection had 
been stopped. Hera the predetermined time" is set to a time longer than the period determined from the responove- 
ness of the oxygen sensor 20, ag., 0.2 s to 0.5 s. When Step 406 determines that the predetermined time has not 
passed yet, the process advances to Step 418 in FIG. 16B described below. When Step 406 determines that the pre- 
determined time has passed. Step 407 reads th output of the oxygen sensor 20 when no post-injection is executed 
(i.e.. while the post-injection is stopped) to detect the concentration of oxygen In exhaust gas when no post-injection is 
executed. 

Then, Step 408 in FIQ. 16B calculates the difference between the output C of the oxygen sensor 20 when post- 
injection is executed read in Step 404 and the output D of the oxygen sensor 20 when no post-injection is executed reed 
in Step 407 (Le., actual variation of concentration of oxygen supplied by the post-injection). After that. Step 409 calcu- 
lates the exhaust gas flow rate from the output signal of the air flow sensor 1 2 to calculate an amount of HC correspond- 
ing to the post-injection amount command value, to calculate the concentration of HC within the exhaust gas from the 
exhaust gas flow rate and the amount of HC and to calculate the concentration of oxygen F necessary for burning the 
concentration of HC within the exhaust gas (i.e., the variation of the concentration of oxygen estimated from the posh 
infection amount command value). 

Then, Step 41 0 compares the difference E between the output C of the oxygen sensor 20 when the post-injection 
is executed read in Step 408 and the output D of the oxygen sensor 20 when no post-injection is executed with the con- 
centration of oxygen F necessary for burning the concentration of HC within the exhaust gas calculated in Step 409. 
When F > E. it Is determined that the actual supply of HC is less than the amount of HC to be supplied by the post- 
injection (commanded value). Then, Step 411 calculates a coefficient of increment k3 (k3 > 1) of the post-injection 
amount command value corresponding to the difference between F and E and to set the correction factor k(i) of the 
postHnjection amount command value again by multiplying the correction factor k(i) 0 = 1 to 4) of the post-injection 
amount command value used the last time with the coefficient of increment k3 (k(i) = KQ x k3 ). The process then 
advances to Step 41 3. 

When F ■ E , it fs determined that the amount of HQ, to be supplied by the post-injection coincides with the actual 
supply of HC. Because the correction factor k(i) of the post-injection amount command value used in the last time can 
be used as it is in this case, the process advances to Step 413 as it is. 

When F < E, it is determined that the actual supply of HC is greater than the amount of HC to be suppGed by the 
post-injection. Then, Step 412 calculates a coefficient of decrement k4 of the post-injection amount command value 
corresponding to the difference between F and E and to set the correction factor kfi) of the post-injection amount com- 
mand value again by multiplying the correction factor J<i) of the post-injection amount command value used in the last 
time with the coefficient of decrement k4 (k(i) «= k(i) x k4). The process then advances to Step 413. 

Step 413 corrects the post-injection amount command value by the correction factor kp) by multiplying the post- 
injection amount command value by the correction factor k(I) (post-injection amount command value = post-injection 
amount command value x k(i)). Then. Step 414 outputs the commands (injection amount, injection timing) of pilot injec- 
tion, main injection and post-injection to the fuel injection valve 14. 

An operational example of the Injection control program described above will be explained by using FIGS 17A-17E. 
FIGS 17A-17D are graphs showing fuel injection waveforms of first through fourth cylinders (i) through (4) and FIG. 
17E shows an output signal wave of the oxygen sensor 20 during steady-state operation. Reference letter (a) In FIGS. 
17A-17D denotes pilot injection, reference letter fjb) the main injection and reference letters (clO through c42) tfie post- 
injection, in FIG. 17E, the solid line indicates an actual output of the sensor, the broken line indicates the concentration 
of oxygen )n exhaust gas when no post-injection is executed, and the alternate chain line indicates the concentration of 
oxygen in exhaust gas estimated from the post-Injection command value. 

At first the post-injections (d 0 through c40) are executed sequentially from cylinder (1 ) to cylinder (4) and the con- 
centration of oxygen C of the exhaust gas emitted from each cylinder at that time is detected. Then, the post-injections 
(d 1 through c4l) of all cylinders (1) through (4) are set to zero, so that the output of the oxygen sensor 20 gradually 
reaches the concentration of oxygen D when no post-injection is executed Next, the variation E of the concentration of 
oxygen caused by the post-injection executed for each cylinder is calculated from the difference between the detected 
concentration of oxygen D when no post-injection is executed and the concentration of oxygen C of the exhaust gas 
emitted from each cylinder. After that, the variation F of the concentration of oxygen estimated from the post-injection 
amount command value is compared with the actual variation E of the concentration of oxygen caused by the post- 
injection executed for each cylinder to correct the post-injection amount command value. 

Because the amount of the post-injection clO executed in the cylinder (1) coincides with the target amount of post- 
injection (commanded value) in the example shown in FIGS. 17A-17E, the correction factor k(i) of the post-injection 
amount command value is not set again. Accordingly, the amount of the post-injection c12 of the cylinder (1) at the time 
immediately after the next is equal to that of d0. Next, because the amount of the post-injection c20 executed in cylin- 
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der (2) is less than the target amouWnrast-injection, the correction factor k(2) of the pcPmjection amount oommand 
value is multiplied by a coefficient of increment k3 to be set again Accordingly, toe amount of post-injection c22 of cyl- 
inder (2) at the time immediately after the next is incremented more than that of c20. Next because the amount of post- 
injection c30 executed in cylinder (3) is greater than the targeted amount of post-injection, the correction factor k(3) of 
s the post-injection amount command value is set again by multiplying by a coefficient of decrement k4. Accordingly, the 
amount of post-injection c32 of cylinder (3) at the time immediately after toe next is decremented to be less than that of 
c30. 

Next because the amount of post-injection c40 executed in cylinder (4) coincides with the target amount of post- 
injection, the correction factor k(4) qf toe post-injection amount command value is not set again. Accordingly, the 
10 amount of post-injection c42 of cylinder (4) at the time immediately after the next is equal to that of c40. Because toe 
amount of post-injection (c12 through c42) of each cylinder in toe cycle immediately after the next is corrected by the 
above-mentioned processing, the output of toe oxygen sensor 20 for detecting the exhaust gas emitted from each cyl- 
inder i6 equalized. 

in toe embodiment described above, toe exhaust gas containing no hydrocarbon supplied by toe post-injection 
is flows through toe oxygen sensor 20 during toe specffic period In which toe post-injection Is stopped to all toe cylinders. 
Accordingly, while the oxygen sensor 20 normally detects the concentration of oxygen of the exhaust gas alter burning 
toe hydrocarbon supplied by toe post-injection at toe oxygen sensor 20. it can directly detect toe concentration of oxy- 
gen within toe exhaust gas containing no hydrocarbon supplied by post-injection. Thereby, the amount of post-injection 
may be estimated accurately based on toe variation of toe output of the oxygen sensor 20 before and after posHnjec- 
?o ticm is stopped, and the command value of the post-injection amount may be corrected accurately. 

It is noted that although the correction factor of toe post-injection amount command value has been set again per 
cylinder in toe seventh embodiment, the correction factor may be set again to toe average value of the post-injection 
amount of all the cylinders. 



25 [Eighth Embodiment] 

While the post-injection of all toe cylinders has been stopped forcibly only for toe specific period only when toe cor- 
rection factor k(i) of toe post-injection amount command value is set again to measure toe concentration of oxygen of 
the emission when no post-injection is executed, toe post-injection is always executed for a time interval longer than the 

so period determined from the oxygen sensor 20 to measure the concentration of oxygen of emission when no post-injec- 
tion is executed in an eighth embodiment shown in FIGS. 18A through 19E. The system structure of this embedment 
is the same as the structure explained in the sixth embodiment and shown in FIG. 13. 

The contents of the injection control program executed In the eighth embodiment and shown in RQS. leAand 18B 
wiH be explained below. First, in Step 501 , each signal output from toe accelerator pedal sensor 26. toe engine speed 

35 sensor 27. toe air flow sensor 12 and toe exhaust gas temperature sensor 21 are read to detect the operational state 
of the diesel engine 10 and correction factors k of toe post-injection amount of all the cylinders stored in the RAM (not 
shown) of the ECU 25 are read. Step 502 then calculates command values of a pilot injection amount and its injection 
timing, command values of a main injection amount and its injection timing and command values of post-Injection and 
its injection timing by the same processing with that in Step 302 in FIG. 14A. 

4o After that Step 503 accumulates toe predetermined post-injection amounts every time the present program Is acti- 
vated to find a cumulative post-injection amount in order to calculate toe post-injection amount corresponding to an 
elapsed time (crank angle) from toe end of the post-injection in the last time to toe present moment 
(cumulative post- injection amount « cumulative post-injection amount + post- injection amount) . After that Step 504 
determines whether or not a "predetermined time" has passed since the post-injection of the last time. Here, toe *pre- 

4s determined time" is a time determined from toe detection responsiveness of toe oxygen sensor 20 and is set within a 
range of 20 ms to 500 ms or more preferably, 50 ms to 200 ms, for example. 

When the "predetermined time" has not passed since the post-injection of the last time, the process advances from 
Step 504 to Step 506 to set toe post-injection amount command value to zero and advances to Step 513 (I.e., without 
executing post-injection). , 

so Then, the process advances from Step 504 to Step 505 at toe moment when the predetermined time" has passed 
since the post-injection of toe last time to set toe cumulative post-injection amount calculated in Step 503 at toe post- 
injection amount command value. After that Step 507 sets toe post-injection amount to zero and Step 508 in FIG. 1 SB 
calculates toe difference G between the average value and the maximum value of the oxygen sensor 20 output within 
the predetermined time. Then, toe post-Injection amount command values are averaged within toe predetermined time 

55 to calculate the concentration of oxygen H to be changed in Step 509. 

Then, Step 510 compares the difference G between the average value and the maximum value of toe oxygen sen- 
sor 20 within the predetermined time calculated in Step 508 with toe concentration of oxygen H to be changed by the 
average value of the post-injection amount command value within toe predetermined time calculated in Step 509. When 
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H > Q, it is determined that the actual suMEf HC fe less than the amount of HC to be suppllWf post-injection (com- 
manded value). Then, Step 51 1 calculates a coefficient of increment k5of the post-injectton amount command value 
corresponding to the difference between H end G and to set the correction factor k of the post-injection amount com- 
mand value again by multiplying the correction factor k(i) of the post -injection amount command value used the lad time 
5 by tfie coefficient of increment k5 (k » k x K5 ). The process fl*en advances to Step 513. 

When H = G , rt is determined that the amount of HC to be supplied by post-injection coincides with the actual sup- 
ply of HC. Because the correction factor k of the post-injection amount command value used the test time can be used 
as is in this case, the process advances to Step 513 as it is. 

When H<G. it is determined that the actual supply of HC fe greater than the amount of HC to be supplied by post- 
10 injection. Then. Step 512 calculates a coefficient of decrement k6 of the post-injection amount command value corre- 
sponding to the difference between H and G and to set the correction factor k of the post-injection amount command 
value again by multiplying the correction factor k of the post-injection amount command value used the last time with 
the coefficient of decrement k6 (k = k x KB ). The process then advances to Step 513. 

Step 513 corrects the post-injection amount command value by the correction factor by muH'plying the 
post-injection amount command value by the correction factor k (post-injection amount command value - post-injection 
amount command x k). Step 514 then outputs commands (Injection amount and injection timing) of pilot Injection, main 
injection and post-injection to the fuel injection valve 14. 

An operational example of the injection control program described above win be explained by using FIGS. 19A-1 9E. 
FIGS. 19A-19D are graphs showing fuel injection waveforms of first through fourth cylinders (1) through (4) and FIG. 
20 19E is a graph of a waveform of an output signal of the oxygen sensor 20 during steady-state operation. Reference let- 
ter (a) in FIGS. 19A-19E denotes pilot injection, reference letter (b) main injection and reference letter (c1 0 through c31 ) 
post-injection. In FIG. 1 9E, a solid line Indicates an actual sensor output and a broken line indicates the concentration 
of oxygen in exhaust gas when no post-injection is executed. 

The pilot injection and main injection are executed in the same manner in all of cylinders (1) through (4), post-injec- 
2$ tion is not executed until the predetermined time which is determined from the detection responsiveness of Vie oxygen 
sensor 20 passes since when the post-injection is executed in cylinder (1) (c10). so that no post-injection is executed 
in cylinder (2) (c20) and cylinder (3) (c30) and post-injection is executed in cylinder (4) (c40) when the predetermined 
time has passed Because post-injection is not executed unfit the predetermined time passes after being executed in 
cylinder (4), it is not executed in cylinder (1) (d 1) and cylinder (2) (c21) and fe executed in cylinder (3) (c31) when the 
so predetermined time has passed. Similar processing is repeated thereafter. 

The output signal of the oxygen sensor 20 drops every time post-injection is executed in cylinder (1), cylinder (4) 
and cylinder (3) and the fluctuation period of the output corresponds to 540° CA under this injection control. The 
exhaust gas containing no unbumed hydrocarbon supplied by post-injection is emitted from the two cylinders and flows 
into the oxygen sensor 20 to be gas-exchanged within the oxygen sensor 20 until the next post-injection is executed 
35 since the post-injection has been executed, so that the output of the oxygen sensor 20 increases. Thereby, the output 
of the oxygen sensor 20 is maximized after the predetermined time determined from the detection responsiveness of 
the oxygen sensor 20 and the concentration of oxygen in exhaust gas while no post-injection Is executed may be 
detected accurately by detecting the maximum value. It also allows the correction factor k of the post-injection amount 
command value to be set again and the post-injection command to be corrected accurately. 
40 Although the post-injection amount correction factor k of all the cylinders has been set again in the eighth embod- 
iment, the correction factor k(i) may be set again for every cylinder. 

[Ninth Embodiment! 

46 While the oxygen sensor 20 has been used as the sensor for detecting information reflecting the post-injection 
amount In the sixth through eighth embodiments described above, an exhaust gas temperature sensor on the upstream 
side of the NO x catalyst 19 is used as the sensor tor detecting the information reflecting the post-injection amount to 
correct the command value of the post-injection amount based on the variation of the exhaust gas temperature corre- 
sponding to the amount of post-injection burned within the cylinders in the ninth embodiment shown in FIGS. 20A 

so through 21E. The system structure of the ninth embodiment is the same as the structure of the sixth embodiment and 
shown in FIG. 1 3 except that element 20 is an exhaust gas temperature sensor, rather than the oxygen sensor 20 (here- 
inafter, although not specifically shown in the drawings, the exhaust gas temperature sensor will be denoted by the ref- 
erence numeral 20). 

The contents of the injection control program executed in the ninth embodiment and shown in FIGS. 20A and 20 B 
$5 will be explained below. The processes in Steps 601 through 603 are the same with those in Steps 301 through 303 
shown in FIG. 15A described above. When Step 603 determines that It is not necessary to set the correction factor k(i) 
(i b 1 to 4) again, the process advances to Step 614 in FIG 20B deserved below. When it is determined to be neces- 
sary to set the coefficient again, Step 604 reads the output of the exhaust gas temperature sensor 20* when post-injeo- 
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tion is executed at the normal post-5 



timing (emission temperature at the normal 



jacton timing). 



After that, Step 605 advances and sets the post-injection timing command value to a predetermined value and then 
to calculate a temperature rise of the exhaust gas R from the quantity of heat of combustion of the post-injection amount 
command value in Step 60S. Then, Step 607 determines whether or not a "predetermined time" has passed 6ince the 

5 post-injection timing command value has bean advanced and set Here, the "predetermined time" Is a time determined 
from the responsiveness of the exhaust gas^ternpa-atiire sensor 20' and is set within a range from 2 s to 10 s, for exam- 
pie. When the "predetermined time" has not passed yet since the post-injection timing command value has been 
advanced and set the process advances to Step 614 in FIG, 20B described below. When the "predetermined time" has 
passed, step 608 in FIQ. 20B reads the output of the exhaust gas temperature sensor 20' when the post-injection timing 

w command value has been advanced and set (the exhaust gas temperature when the post-injection timing has been 
advanced). 

After Step 609 calculates the difference $ between the output of the exhaust gas temperature sensor 20' at the nor- 
mal post-injection timing read in Step 604 and the output of the exhaust gas temperature sensor 20' when the post- 
injection timing has been advanced read in Step 608 (actually measured temperature rise of the exhaust gas) , Step 61 o 
16 returns the post-injection timing command value to the original state before the advancement After that, Step 61 1 com- 
pares the temperature rise of the exhaust gas R calculated from the quantity of heat of combustion of the post-Injection 
amount command value In Step 606 with the difference S (actually measured temperature rise of the exhaust gas) of 
the outputs of the exhaust gas temperature sensor 20* calculated In Step 609. When R > S, it is determined that the 
actual HC supply is (ess than the amount of HC to be supplied by the post-injection (command value). Step 612 then 
20 calculates a coefficient of increment k7 (k7 > 1 ) of the post-injection amount command value corresponding to the dif- 
ference between R and S to set the correction factor k(i) of the post-injection amount command value again by multi- 
plying the correction factor k(i) fi = 1 to 4) of the posHnjection amount command value used the last time with the 
coefficient of increment k7 (kfj) ~ k(i) x K7). Then, the process advances to Step 614. 

When R =« S , it is determined that the amount of HC to be supplied by the post-injection coincides with the actual 
25 supply of HC. In this case, the correction factor k{i) of the post-injection amount command value used the last time can 
also be used this time as is, so that the process advances to Step 61 4 as it is. 

When R < S, it is determined that the actual supply of HC is greater than the amount of HC to be supplied by post- 
injection. Then. Step 61 3 calculates a coefficient of decrement k8 (kfi < 1) of the post-injection amount command value 
corresponding to the difference between R and S and sets the correction factor kfj) of the post-injection amount com- 
30 mand value again by multiplying the correction factor KG) of the post-injection amount command value used the last time 
with the coefficient of decrement ks (k(i) * k(i) x k8). Then, the process advances to Step 614. 

ft is noted that the process advances to Step 614 also when the determination result is determined to be "NO" 
either in Step 603 or Step 60,7 described above. 

Step 614 corrects the post-injection amount command value by the correction factor k(l) by multiplying the post- 
35 injection amount command value by the correction factor k(i) (post-injection amount command value - posHnjection 
amount command x k(i)). Step 615 then outputs commands (injection amount and injection timing) of pilot injection, 
main injection and post-injection to the fuel injection valve 14. 

An operational example of the injection control program described above will be explained using FIGS. 21A-21E. 
FIGS. 21 A-21 D are graphs showing fuel injection waveforms of first through fourth cylinders (1) through (4) and FIG. 
40 21 E is a waveform of an output signal of the exhaust gas temperature sensor 20* during steady-state operation. Refer- 
ence letter (a) in FIGS. 21 A-21 E denotes pilot injection, reference letter (b) main injection and reference letters (c10 
through c42) poet-injection. At first post-injections clO through c40 are executed in cylinders (1) through (4) at the nor- 
mal injection timing and the temperature of the exhaust gas emitted from each cylinder at that time is detected. After 
that, tiie timing of post-injections from cylinder (1) to cylinder (4) (d 1 to o41) is advanced and set and the post-Injected 
45 fuel burns within the cylinders so that the exhaust gas temperature rises gradually and thus, the output of the exhaust 
gas temperature sensor 20' gradually rises. 

Next the variation of the exhaust gas temperature S caused by the combustion of post-injection within the cylinder 
for each cylinder is calculated from the difference $ between the detected output of the exhaust gas temperature sensor 
20' when the post-injection timing has been advanced and the output of the exhaust gas temperature sensor 20' at the 
so normal post-injection timing. This variation S of the exhaust gas temperature is compared with the temperature rise of 
the exhaust gas R calculated from the post-injection amount command value to correct the post-injection amount com- 
mand value. After that the timing of the post-injections from cylinder (1) to cylinder (4) (C12 to c42) is returned to the 
original state before the advancement and the post-injection amount command value is corrected to be output to the 
fuel injection valve 14. 

55 The fourth embodiment described above allows the post-injection amount to be estimated accurately from the var- 
iation of the output of the exhaust gas temperature censor 3)' before and after the advancement of the post-injection 
timing and the command value of the post-injection amount to be corrected accurately by advancing the post-injection 
timing more than the normal timing only by the specific period to burn the post-injection fuel within the cylinder. 
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It is noted that although the correct^^tor of the post-injection amount command val^^L bean set again per 
cylinder in the ninth embodiment, the correction factor may be set again to the average value of the post-infection 
amounts of ail the cylinders. 



[variations] 



Although each of the embodiments described above has been used In connection with a four-cy&ider cfiesel 
engine, needless to say. the number of cylinders is not limited to four and may be a different number. Further, the inter- 
nal combustion engine to which the present invention can be applied is not Qmrted only to a diesel engine and it may be 
applied to an intra-cyfinder iry ection (direct injection) type gasoline engine as weO. 

Further, the EQR gas flow rate has been corrected based on the output signal (or its corrected value) of the oxygen 
sensor 20 In all of the embodiments described above; however, it is possible to arrange the system to correct the fuel 
inaction amount or the intake air amount Trie Intake air amount may be corrected by controlling the aperture of the 
throttle valve in the intake pipe 11 . 

Further, the oxygen sensor 20 or the exhaust gas temperature sensor 20' has been used as the sensor for detect- 
ing the information reflecting the post-injection amount in each of the embodiments described above, the sensor of the 
present invention is not limited to those. For instance, a HC sensor for detecting the concentration of hydrocarbon within 
the exhaust gas or a sensor for detecting a lift of a needle value of the fuel injection valve 1 4 may be used. 

Although the present invention has been f uDy described in connection with the preferred embodiments thereof with 
reference to the accompanying drawings, it is to be noted that various changes and modifications win become apparent 
to those sklfled In the art Such changes and modifications are to be understood as being included within the scope of 
the present invention as defined by the appended claims. 

Claims 



1 . An exhaust emission control system for an internal combustion engine (10). the system comprising: 

control means (25) for controlling operation of the engine (10) based on control variables; 

a piuraGly of fool injecting means (14), each being for injecting fuel into a coneeponding cylinder of the engine 

a catalyst (i 9), in an exhaust passage (16) of the engine (10), for reducing and purifying nitrogen oxides within 
exhaust gas from the engine (10); 

an oxygen sensor (20), in the exhaust passage (18), for detecting a concentration of oxygen within the exhaust 
gas; 

operational state detecting means (12, 26, 27) for detecting an operational state of the engine (10); 
injection control means (25) for outputfing a main injection command for generating engine output to the plu- 
rality of fuel injecting means (14) and for outputting a post-injection command, for supplying hydrocarbon to the 
catalyst (19). to the fuel injecting means (14) of at least one cylinder based on the detected operational state; 
oxygen sensor correcting means (25) far correcting an output of the oxygen sensor (20) based on the post- 
injection command; and 

engine control variable correcting means (25) for correcting the control variables to enhance a rate of pur&lca- 
tlon of nitrogen oxides based on the output of the oxygen sensor (20) corrected by the oxygen sensor correct- 
ing means (25). 

2. The system of claim 1 . wherein the oxygen sensor correcting means (25) comprises: 

exhaust gas flow rate estimating means (25) for estimating a flow rate of exhaust gas based on the detected 
operational state: and 

hydrocarbon concentration estimating means (25) for estimating a concentration of hydrocarbon within exhaust 
gas around the oxygen sensor (20) based on the estimated flow rate of exhaust gas and the post-injection 
command, and for correcting the output of the oxygen sensor (20) based on the estimated hydrocarbon con- 
centration. 



3. The system of claim 2, wherein; 



the oxygen sensor correcting means (25) includes means for calculating a delay time until the exhaust gas 
reaches the oxygen sensor (20) based on the detected operational state; and 
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the hydrocaibon concentraHRsti mating means is for estimating the concentreHnof hydrocarbon within the 
exhaust gas around the oxygen sensor (20) at a given moment based on the flow rate of exhaust gas before 
. the delay time and the post-injection command. . 

4. An exhaust emission control system for an internal combustion engine (1 0), the system comprising: 

control means (25) for controlling operation of the engine (10) based on control variables; 

a plurality of fuel injecting rmans (14), each being for injecting fuel into a corresponding cylinder of the engine 

(10); 

a catalyst (1 9). in an exhaust passage (1 8) of the engine (10). for reducing and purifying nitrogen oxides within 
exhaust gas from the engine (10); 

operational state detecting means (12. 26. 27) for detecting an operational state of the engine (10); 
Injection control means (25) for outputting a main injection command for generating engine output to the plu- 
rality of fuel injecting means (1 4) and for outputting a post-injection command, for supplying hydrocarbon to the 
catalyst (1 9), to the fuel injecting means (14) of at least one cylinder based on tie detected operational state; 
an oxygen sensor (20). in the exhaust passage (1 8), for detecting a concentration of oxygen within the exhaust 
gas; and 

engine control variable correcting means (25) for correcting the control variables to enhance a rate of purifica- 
tion of nitrogen oxides based on an output of the oxygen sensor (20); 

wherein the injection control means (25) is for outputting the post-injection command in a period longer 
than a period based on the detection responsiveness of the oxygen sensor (20). 

5. The system of dam 4, wherein the injection control means (25) is for correcting the post-injection command and 
outputting it to the fuel injecting means (1 4) of at least one cylinder based on a variation of the output of the oxygen 
sensor (20) within a predetermined time which is longer than a period based on the detection responsiveness of 
the oxygen sensor (20). 

6. An exhaust emission control system for an internal contoustion engine (10), the system comprising; 

control means (25) for controlling operation of the engine (10) based on control variables; 

a plurality of fuel injecting means (1 4), each being for Injecting fuel into a corresponding cylinder of the engine 

(10); 

a catalyst (1 9). in an exhaust passage (1 8) of the engine (10). for reducing and purifying nitrogen oxides within 
exhaust gas from the engine (10); 

operational state detecting means (12. 26. 27) for detecting an operational state of the engine (10); 
injection control means (25) for outputting a main injection command for generating engine output to the plu- 
rality of fuel injecting means (14) of each cylinder and for outputting a post-injection command, for supplying 
hydrocarbon to the catalyst (19). to the fuel injecting means (14) of a specific cylinder based on the detected 
operational state; 

an oxygen sensor (20). in the exhaust passage (1 8), for detecting a concentration of oxygen within the exhaust 
gas; and 

engine control variable correcting means (25) for correcting the control variables to enhance a rate of purifica- 
tion of nitrogen oxides based on an output of the oxygen sensor (20); 

wherein the oxygen sensor (20) is disposed in an exhaust manifold (17) of a cylinder of the engine (10) 
at a position most distant from the specific cylinder in which the post-injection is executed. 

7. The system of one of claims 1 through 6. further comprising an exhaust gas recirculating passage (22), for recircu- 
lating part of the exhaust gas to an induction system (1 1) of the engine (10), connected to an exhaust manifold (17) 
of a cylinder at a position most distant from the specific cylinder in which the post-injection is executed. , 

8. The system of one of claims i through 6. further comprising an exhaust gas recirculating passage (22), for recircu- 
lating part of the exhaust gas to an induction system (11) of the engine (1 0), connected to the exhaust passage (1 6) 
on a downstream side of (he catalyst (19). 

9. An exhaust emission control system for an internal combustion engine (10), the system comprising: 

control means (25) for controlling operation of the engine (10) based on control variables; 

a plurality of fuel injecting means (14), each being for injecting fuel into a corresponding cylinder of the engine 
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(10); 

a catalyst (1 9), in an exhaust passage (1 8) of the engine (1 0), for reducing and purifying nitrogen oxides within 
exhaust gas from the engine (1 0); 

operational state detecting means (12, 28. 27) for detecting an operational state of the engine (10); 
injection control means (25) for outputting a main Injection command for generating engine output to the plu- 
rality of fuel Injecting means (14) and for outputting a post-injection command for supplying hydrocarbon to the 
catalyst (1 9) to the fuel injecting means (14) of at least one cylinder based on the detected operational state; 
an oxygen sensor (20), in the exhaust passage (18). for detecting a concentration of oxygen within the exhaust 
gas: 

engine control variable correcting means (25) for correcting the control variables to enhance a rate of purifica- 
tion of nitrogen oxides based on an output of the oxygen sensor (a)); 

an exhaust gas recirculating passage (22) for retired ating part of the exhaust gas to an induction system (11) 
of the engine (10); and 

a catalyst (34) tor recirculated exhaust gas, in the exhaust gas recirculating passage (22), for reducing and 
purifying nitrogen oxides within the recirculated exhaust gas. 

10. A method of reducing and purifying nitrogen oxides within exhaust gas emitted from an internal combustion engine 
(10), the method comprising: 

detecting an operational state of the engine (10); 

executing, based on the detected operational state, main injection by issuing a main injection command for 
generating engine output to a plurality of fuel injectors (14) of each cylinder of the engine (10) as well as exe- 
cuting post-injection by issuing a post-injection command, for supplying hydrocarbon to the catalyst (19), to fuel 
injecting means (14) of at least one cylinder; 

detecting a concentration of oxygen within the exhaust gas using an oxygen sensor (20); and 
correcting an output of the oxygen sensor (20) based on the post-injection command to correct control varia- 
bles of the engine (10) to enhance a rate of nitrogen oxide purification based on the corrected output 

11. An exhaust emission control system for an internal combustion engine (10), the system comprising: 

control means (25) for controlling operation of the engine (10) based on control variables; 

a plurality of fuel injecting means (1 4). each being for injecting fuel into a corresponding cylinder of the engine 

00); 

a catalyst (i 9), in an exhaust passage (18) of the engine (10), for reducing and purifying nitrogen oxides within 
exhaust gas from the engine (10); 

an oxygen sensor (20), in the exhaust passage (1 8), for detecting a conc entr ation of oxygen within the exhaust 
gas; 

operational state detecting means (12, 26, 27) for detecting an operational state of the engine (10); 

target oxygen concentration calculating means (25) for calculating a target concentration of oxygen within the 

exhaust gas based on the detected operational state; 

injection control means (25) for outputting a main injection command for generating engine output to the plu- 
rality of fuel injecting means (14) and for outputting a post-Injection command for supplying hydrocarbon to the 
catalyst (19) to the fuel injecting means (14) of at least one cylinder based on the detected operational state; 
oxygen concentration correcting means (25) for correcting either an output of the oxygen sensor (20) or the tar- 
get concentration of oxygen based on the post-injection command; and 

engine control variable correcting means (25) for correcting the control variables to enhance a rate of purff ica- 
tion of nitrogen oxides based on at least one of the output of the oxygen sensor (20) after being corrected by 
the oxygen concentration correcting means (25), and the target oxygen concentration. 

1 2. The system of claim 1 1 . wherein: 

the oxygen concentration correcting means (25) includes exhaust gas flow rate estimating means (25) for esti- 
mating the flow rate of exhaust gas based on the detected operational state; and 

hydrocarbon concentration estimating means (25) for estimating the concentration of hydrocarbon within 
exhaust gas around the oxygen sensor (20) based on the estimated flow rate of exhaust gas and the post-injec- 
tion command and corrects either the output of the oxygen sensor (20) or the target oxygen concentration 
based on the estimated concentration of hydrocarbon. 
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1 3. The system of claim 12. wherein^^ 

the oxygen concentration correcting means (25) includes means (25) for calculating a delay time until the 
exhaust gas reaches the oxygen sensor (20) based on the detected operational slate; and 
5 the hydrocarbon concentration estimating means (25) is for estimating the concentration of hydrocarbon within 

the exhaust gas around the oxygen sensor (20) at a given moment based on the flow rate of exhaust gas 
before the delay time and the post-injection command. 



14. An exhaust emission control system for an internal combustion engine (10), the system comprising: 

control means (25) for controlling operation of the engine (10) based on control variables; 

a plurality of fuel injecting means (1 4). each being for injecting fuel into a corresponding cylinder of the engine 

(10); 

a catalyst (19). In an exhaust passage (16) of the engine (10), for reducing and purifying nitrogen oxides within 
is exhaust gas; 

operational stale detecting means (12, 26, 27) for detecting an operational state of the engine (10); 

target oxygen concentration calculating means (25) for calculating a target concentration of oxygen within the 

exhaust gas based on the detected operational state; 

injection control means (25) for outputting a main injection command for generating engine output to the ptu- 
20 rality of fuel injecting means (14) and tor outputting a post-injection command, tor supplying hydrocarbon to the 

catalyst (19), to fro fuel injecting means (14) of at least one cylinder based on the detected operational state; 
an oxygen sensor (20). in the exhaust passage (18), for detecting a concentration of oxygen within the exhaust 
gas; and 

engine control variable correcting means (25) for correcting the control variables to enhance a rate of purities- 
25 tion of nitrogen oxides based on at least one of an output of the oxygen sensor (20) and the target oxygen con- 

centration; 

wherein the injection control means (25) is for outputting the post-injection command in a period longer 
than a period based on the detection responsiveness of the oxygen sensor (20). 

$o 1 5, An exhaust emission control system for an internal combustion engine (10), the system comprising: 

control means (25) for controlling operation of the engine (10) based on control variables; 

a plurality of fuel injecting means (1 4). each being tor injecting fuel into a corresponding cylinder of the engine 

00); 

35 a catalyst (19). in an exhaust passage (16) of the engine (10). for reducing and purifying nitrogen oxides within 

exhaust gas from the engine (10); 

operational state detecting means (12, 26. 27) for detecting an operational state of the engine (10); 
target oxygen concentration calculating means (25) for calculating a target concentration of oxygen within the 
exhaust gas based on the detected operational state; 
40 injection control means (25) for outputting a main Injection command for generating engine output to the plu- 

rality of fuel injecting means (14) and tor outputting a post-Infection command for supplying hydrocarbon to the 
catalyst (1 9) to the fuel injecting means (1 4) of a specific cylinder based on the detected operational state; 
an oxygen sensor (20). in the exhaust passage (1 8), for detecting a concentration of oxygen within the exhaust 
gas; and 

45 engine control variable Correcting means (25) for correcting the control variables to enhance a rate of purifica- 

tion of nitrogen oxides based on at least one of the output of the oxygen sensor (20) and the target oxygen con- 
centration; 

wherein the oxygen sensor (20) is disposed in an exhaust manifold (17) of a cylinder at a position most 
distant from the specific cylinder in which the post-injection is executed. 

so 

1 6. An exhaust emission control system for an internal combustion engine (10), the system comprising: 

a plurality of fuel injecting means (14), each being for injecting fuel into a corresponding cylinder of the engine 
(10); 

55 a catalyst (19), in an exhaust passage (18) of the engine (10), for reducing and purifying nitrogen oxides within 

exhaust gas from the engine (10); 

operational state detecting means (12. 26, 27) for detecting an operational state of the engine (10); 
injection control means (25) for outputting a main injection command for generating engine output to the pfu- 



19 



27. SEP. 2000 1 1:01 



VTD PATENT +46 31 828040 



NR. 2871 8. 



^ EP0 644 380A2 ^ 

rality of fuel injecting means (1 4)wRor outputting a post-injection command, for sup^n^ hydrocarbon to the 
catalyst (19), to the fuel Meeting means (14) of a specific cylinder based on the detected operational state; and 
an exhaust gas recirculating passage (22) for recirculating part of the exhaust gas to an induction system (11) 
of the engine (1 0), the exhaust gas recirculating passage (22) being connected to an exhaust manifold (1 7) of 
a cylinder at a position most distant from the specif ic cylinder in which the post-injection is executed. 

17. An exhaust emission control system for an internal combustion engine (1 0). the system comprising: 

a plurality of fuel injecting means (14), each being for injecting fuel into a corresponding cylinder of the engine 
00): 

a catalyst (19). in an exhaust passage (18) of the engine (10), for reducing and purifying nitrogen oxides wfthh 
etftaust gas from the engine (10); 

operational stale detecting means (12. 26, 27) for detecting an operational state of the engine (10); 
injection control means (25) for outputting a main injection command for generating engine output to the plu- 
rality of fuel Injecting means (1 4) and for outputting a post-injection command, for supplying hydrocarbon to the 
catalyst (1 9). to the fuel injecting means (14) of a specif tc cylinder based on the detected operational state; and 
an exhaust gas recirculating passage (22) for recirculating part of the exhaust gas to an induction system (11) 
of the engine (10). the exhaust gas recirculating passage (22) being connected to the exhaust passage (18) on 
a downstream side of the catalyst (19). 

15- An exhaust emission control system for an internal combustion engine (10), the system comprising: 

a plurality of fuel injecting means (1 4), each being for injecting fuel into a corresponding cylinder of the engine 
(10); 

a catalyst (19). In an exhaust passage (18) of the engine (10). for reducing and purifying nitrogen oxides within 
exhaust gas from the engine (10); 

operational state detecting means (1 2, 26. 27) fqr detecting an operational state of the engine (10); 
injection control means (25) for outputting a main injection command for generating engine output to the plu- 
rality of fuel injecting means (1 4) and for outputting a post-injection command, for supplying hydrocarbon to the 
catalyst (19). to the fuel injecting means (14) of at least one cyfinder based on the detected operational state; 
an exhaust gas recirculating passage (22) for recirculating part of the exhaust gas to an induction system (1 1) 
of the engine (10); and 

a catalyst (34) for recirculated exhaust gas, in the exhaust gas recirculating passage (22), for reducing and 
purifying nitrogen oxides within the exhaust recirculated gas. 

19. A method of reducing and purifying nitrogen oxides within exhaust gas emitted from an internal combustion engine 
(10), the method comprising: 

detecting an operational state of the engine (10); 

executing, based on the detected operational state, main injection by issuing a main injection command for 
generating engine output to a fuel injector (14) of each cylinder of the engine (10) as well as executing post- 
injection by issuing a post-injection command, for supplying hydrocarbon to the catalyst (19), to a fuel injector 
(1 4) of at least one cylinder; 

detecting a concentration of oxygen within the exhaust gas using an oxygen sensor (20); 
calculating the target concentration of oxygen within the exhaust gas from the detected operational state; 
correcting an output of the oxygen sensor (20) based on either the post-injection command or the target con- 
centration of oxygen to correct control variables of the engine (10) to enhance Mb nitrogen oxide purification 
rate based on the corrected sensor (20) output and the target concentration of oxygen; and 
controlling the engine (10) based on the control variables. 

20. An exhaust emission control system for an internal combustion engine (10). the system comprising: 

a plurality of fuel injecting means (14). each being for injecting fuel into a corresponding cylinder of the engine 
00); 

a catalyst (1 9). in an exhaust passage (1 8) of the engine (10). for reducing and purifying nitrogen oxides within 
exhaust gas from the engine (10); 

concentration detecting means, in the exhaust passage (18), for detecting a concentration of a specific com- 
ponent within the exhaust gas; 
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enhancing a reducing and purifying actfen of the catalyst (19) by changing an 
amount of the component wfthm the exhaust gas based on the detected concentration; 
operational state detecting means (12. 26, 27) for detecting an operational state of the engine (10); and 
injection control means (25) for outfitting a main injection command for generating engine output to the plu- 
5 rafity of fuel injecting means (14) and for outputting a posHnjectton command for supplying hydrocarbon to the 

catalyst (19) to the fuel injecting means (14) of a specific cylinder based on the detected operational state; 

wherein the concentration detecting means (25) is for detecting a concentration when substantially no 
post-injection is executed by the post-injection command. 

10 21 . An exhaust emission control system for an internal combustion engine (10), the system comprising: 

a plurality of fuel injecting means (1 4), each being for injecting fuel into a corresponding cylinder of the engine 
(10); 

a catalyst (19), in an exhaust passage (1 8) of fre engine (i 0) , for reducing and purifying nitrogen oxides within 

is exhaust gas from the engine (1 0); 

operational state detecting means (12, 26, 27) for detecting an operational state of the engine (1 0); 
injection control means (25) for outputting a main injection command for generating engine output to the plu- 
rality of fuel injecting means (14) and for outputting a postinfection command, for supplying hydrocarbon to the 
catalyst (19), to the fuel injecting means (14) of at least one cylinder based on the detected operational state; 

20 and 

a sensor (20. 20") for detecting information indicative of a post-injection amount injected from the injection con- 
trol means (25); 

wherein the injection control means (25) fetor correcting the post-injection amount command based on 
a variation of output of the sensor (20, 20 1 ) caused by the post-injection and for outputting the corrected amount 
26 to the injection control means (25). 

22. The system of claim 21 , wherein the sensor (20/20*) is an oxygen sensor (20) for detecting a concentration of oxy- 
gen within the exhaust gas. 

30 23. The system of dalm 22. wherein: 

the injection control means (25) is for outputting me post-injection command at a time interval longer than a 
period based on the responsiveness of the oxygen sensor (20); and 

the oxygen sensor correcting means (25) Is for correcting the post-injection command based on a variation of 
35 the output of the oxygen sensor (20) within the time Interval and for outputting ft to the injection control means 

(25). 

24. The system of claim 22, wherein: 

40 the injection control means (25) is for stopping post-injection to all cylinders only for a specific period; and 

the oxygen sensor correcting means (25) is for correcting the post-injection command based on a variation of 
output of the oxygen sensor (20) before and after the post-Injection is stopped and for ouiputttng it to the fuel 
injecting means (14). 

4s 25. The system of claim 21 , wherein the sensor (20. 20) is an exhaust gas temperature sensor (20*) for detecting a 
temperature of exhaust gas. 

26. The system of daim 25, wherein: 

so the injection control means (25) Is for advancing timing of post-injection only for a specific period to be longer 

than a normal one and for correcting the post-injection command based on a variation of output of the exhaust 
gas temperature sensor (20) before and after advancement and outputting it to the fuel injecting means (14). 
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